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Phylogenetic trees
For inference of the phylogenetic trees presented in this manuscript, we used a variety of methods. We collected homologs by searching with our tailor-made and Pfam HMM profiles against our local proteome database [1] . The first four letters of the eukaryotic sequences represent the species, of which the full names can be found in "SI Appendix, Table S3 ". For the phylogenies of Zw10 and related tethering factors, HORMA, histones, RWD and Trip13, we used a subset of the species in this database, including species present in "SI Appendix, Fig. S4 ". The phylogeny of all eukaryotic kinases was based on sequence-based subsampling, selecting for the slowest-evolving kinases [9] . For the prokaryotic sequences in the UBC/RWD and histone phylogenies, we performed phmmer/jackhmmer online (http://ebi.ac.uk/Tools/hmmer/) and collected sequence hits from the UniProt database.
For the HORMA and Trip13 phylogenies, we searched with the bacterial sequences reported by Burroughs et al. [10] , from species possessing 'Bacterial-HORMA2' and 'Bacterial-HORMA1'. We added contig information for species not included by Burroughs et al. [10] ("SI Appendix, Dataset S5"). For all protein families, multiple sequence alignments were inferred using MAFFT (v.7.149b [3] , 'einsi' or 'linsi') [11] , and trimmed with trimAl the function 'merge' of MAFFT (ginsi, unalignlevel 0.6). We manually scrutinized the resulting multiple sequence alignments ("SI Appendix, Dataset S3, Dataset S4") for clear misalignments based on structure-based alignments of available UBC/RWD and histones domains ("SI Appendix, Dataset S2, External Data: RWD/UBC, histone structures"). Of note: due to extensive sequence divergence, we did not include Atg7, Atg10, Med14, Med17 and Fancl-1 to the UBC/RWD phylogenetic analysis. Trees were made using RAxML (version 8.0.20, automatic substitution model selection, GAMMA model of rate heterogeneity, rapid bootstrap analysis of 100 replicates) [13] and/or IQ-TREE (version 1.6.3, extended model selection, ultrafast bootstrap (1000) and SH-like approximate likelihood ratio test) [14] . Trees were visualised and annotated using FigTree [15] .
Structural similarity and secondary structure prediction
To identify potential homologs based on structural similarity with LECA kinetochore proteins, we searched both the literature and databases such as PFAM (http://pfam.xfam.org [16] ), ECOD (http://prodata.swmed.edu/ecod/ [17] , RCSB Protein Data Bank (http://rcsb.org [18] ) and CATH (http://www.cathdb.info/ [19] ). All databases were consulted between January and March 2019. Structures were visualized and processed using the python-based software package Pymol version 2.1.1 [20] . Structural alignments were performed using either 'cealign' and 'super' or were directly downloaded from the aforementioned databases and/or the DALI webserver [21] . All-versus-all structural similarity Z-scores of relevant candidate homologs, were calculated using the algorithms implemented DALI webserver [22] . An overview of the Z-scores and various hyperlinks to databases that we consulted, can be found in ("SI Appendix, Dataset S2"). A structure was considered significantly similar with a Z-score of 2.0 or higher. Average (hierarchical) linkage clustering of the DALI Z-scores was used to infer evolutionary scenarios for TBP-like and UBC/RWD (see Fig. 2 and 3 ). Pymol session files, containing most of the structures used for the comparison of RWD/UBC-like proteins, TBP-like domains, histones and Mis12/NANO-like are made available ("SI Appendix, External Data: RWD/UBC, TBP-like, histones, Mis12/NANO structures"). Secondary structure predictions for Zwint-1 were performed using the JPRED webserver [23] , embedded in the alignment package Jalview [24] .
Classifications and interpretations of homologous protein families
We identified closest homologs of kinetochore proteins based on phylogenetic trees, profile-versus-profile searches and structural similarity. We classified these closest homologs as either eukaryotic or prokaryotic. A closest eukaryotic homolog is a paralog resulting from a gene duplication before LECA [25] . In this, we distinguished kinetochore paralogs from paralogs involved in other eukaryotic cellular processes. If a protein has a kinetochore protein as its closest paralog, likely their ancestral, pre-duplication protein was already part of the primordial kinetochore. Likewise, if more than two kinetochore proteins are most closely related to one another, this group of proteins likely resulted from multiple successive duplications of a single pre-duplication kinetochore protein. We refer to this ancestral kinetochore protein as 'anc_KT' for 'ancestral kinetochore unit' ("SI Appendix, Table S1 "). Hence, the 'anc_KT' is the protein that got involved in the kinetochore, and then duplicated to give rise to the paralogous kinetochore proteins. This ancestral kinetochore protein might have had also closest homolog (either eukaryotic or prokaryotic) outside of the kinetochore, which we also identified. If a LECA kinetochore protein has no closest paralog in the kinetochore, the protein itself forms the ancestral kinetochore unit.
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Detecting kinetochore homologs using different resources
To complete our picture of the origin of kinetochore proteins, we made use of four different sources of information: phylogenetic trees, (HMM) profile-versus-profile searches and structural information, supplemented with literaturecurated evolutionary links of kinetochore proteins when available. These different information types result in different qualifications of relationships between pairs of (suspected) homologs ("SI Appendix, Table S1 "). In general, the profile-versus-profile searches were in agreement with the relationships observed from the phylogenies ("SI Appendix, Dataset S1, Fig. S1 ). However, we noted that various kinetochore proteins, such as RWD proteins and Cep57, hit coiled-coil proteins. In general, the hits we identified as likely coiled-coil were ignored, because coiled-coil similarity might not be indicative of homology, since it could also evolve convergently [26] .
Proteins in LECA kinetochore & alternative eukaryotic roots
To determine which proteins were present in the LECA kinetochore (Fig. 1B) , we first inferred for each protein if it was likely encoded in the genome of LECA ("SI Appendix, Table S2" ). In principle, we did so based on Dollo parsimony, which states that a protein can only be invented once, hence the origin of the protein dates back to the last common ancestor of all species that have it. In applying this approach, we assume that the divergence between Opimoda (Opisthokonta and Amoebozoa) and Diphoda (Stramenopila-Alveolata-Rhizaria (SAR), Archaeplastida, Excavata) represents the root of the eukaryotes ("SI Appendix, Fig. S4 ") [27] . While we are well aware of the controversies about the position of the eukaryotic root [28] , we think that alternative rootings would not dramatically alter our model of the LECA kinetochore. If for example the root actually lies between (a subset of) Excavata and all other eukaryotes, such as proposed by [29] , the presences of kinetochore proteins in this lineage would also support their presence in LECA. This is the case for the CCAN subunits ('Cenp' proteins, Nkp1 and Nkp2, Fig.  1B ), because one of the Excavata species (Trichomonas vaginalis) contains CenpX and CenpS [30] . These proteins likely result from duplications, and their closest paralogs are CenpW and CenpT, respectively (Fig. 3) . Hence, the common ancestor of the Excavata and the other eukaryotes (LECA) likely had these four CCAN components. Furthermore, the recently sequenced genome of the amitochondriate Monocercomonoides sp. PA203, an excavate species distantly related to e.g. Trichomonas vaginalis, contains four additional CCAN subunits: CenpI, CenpK, CenpL and CenpN (unpublished data). Given that the CCAN subunits strongly co-evolve, likely LECA had the complete CCAN, also under this alternative root. The Dam1 complex would have been inferred to have been present in LECA based on Dollo parsimony, but we think it is very likely that its genes were invented later in evolution and got horizontally transferred among distantly related eukaryotic species [31] . Nkp1 and Nkp2 would not have been found to have been present in LECA under Dollo parsimony. However, we argue that, because they are homologous to subunits of the Mis12 complex (Fig. 4) , and because these Mis12 complex subunits are present across the eukaryotic tree of life, Nkp1 and Nkp2 likely resulted from ancient duplications before LECA, giving rise to Nkp1 and Mis12 (Mis12 complex), and to Nkp2 and Nnf1 (Mis12 complex). We infer that Nkp1 and Nkp2 were lost in major eukaryotic lineages quickly after LECA, since we do not observe them in most Diphoda lineages ("SI Appendix, Fig. S4") . Moreover, Nkp1 and Nkp2 are part of the CCAN, which strongly co-evolves, including Nkp1 and Nkp2 [2, 30] . If a protein likely was encoded by LECA, we in principle hypothesize it to be part of the LECA kinetochore. We nevertheless exclude such a protein from the LECA kinetochore if it depends on a non-LECA protein for the kinetochore function (Hrr25), or if it seems more likely to be involved in another process, as indicated by characterizations in multiple species (Skp1). The complete list of kinetochore proteins and considerations for in/excluding them as part of the LECA kinetochore can be found in "SI Appendix, Table S2 ".
Kinetoplastid kinetochore proteins where not part of the LECA kinetochore
We did not analyze the origin of the non-conventional kinetochore proteins specific to kinetoplastids (KKT/KKIPs) [32, 33] because our reconstructions do not infer these proteins to have been part of the LECA kinetochore, Here we want to briefly explain why we infer a LECA kinetochore without any of the KKT/KKIPs. Most importantly all recent research on the eukaryotic tree of life places kinetoplastids next to euglenids, symbiontids and diplonemids in the group Euglenozoa [34] , itself part of the excavate group Discoba, which also includes Naegleria [27-29, 35, 36] . Euglenids, such as Euglena gracilis, appear to possess 'conventional' kinetochore proteins, and no kinetoplastid kinetochore proteins [37] . Naegleria also harbors proteins for a nearly complete conventional kinetochore. These two observations make it the most likely scenario that (1) the kinetoplastid kinetochore is derived from an euglenozoan ancestor with a conventional kinetochore, and that (2) the common ancestor of Discoba connects to the remainder of the eukaryotes with a conventional set of kinetochore proteins. Even if, as older work has suggested, the root lies between Euglenozoa and all other eukaryotes [38] , this eukaryotic phylogeny would still most parsimonously infer the absence of the kinetoplastid kinetochore proteins (KKT/KKIP proteins) from LECA, and the presence of 'conventional' kinetochore proteins in LECA. The only potential argument for considering kinetoplastid kinetochore proteins as candidates for being part of the LECA kinetochore would be that kinetoplastids diverged first from all of the other eukaryotes. However, since a body of phylogenetic research stably places kinetoplastids within the Euglenozoa, and the Euglenozoa seem to be stably part of the Discoba, we do not think this argument will hold. We are aware that a euglenozoan ancestor with a conventional kinetochore implies that during evolution it was replaced by the kinetoplastid-like kinetochore in a major evolutionary transition. Such transitions are not unique, as the LECA kinetochore itself demonstrates: this structure after all was absent from the prokaryotic ancestors of eukaryotes. And the uniqueness or presence of a transition is not an argument for or against redefining the phylogenetic tree.
Mis12/NANO-like proteins
In this study, we present the subunits of the Mis12 complex (Mis12, Nnf1, Dsn1, Nsl1) and of the NANO complex (Nkp1, Ame1/CenpU, Nkp2, Okp1/CenpQ) to be all homologous to one another, having a domain we coin "Mis12/NANO" (Fig. 1, Fig. 4 ). We chose to use the new complex name 'NANO' instead of COMA since the COMA complex contains CenpO and CenpP as well, which are not present in the tetramer consisting of Nkp1, CenpU, Nkp2 and CenpQ. We inferred the homology of the Mis12 and NANO complex using different sources. First, Nnf1 and Nkp2 appear homologous by being each other's bidirectional best hit in the profile-versus-profile output ("SI Appendix, Dataset S1", HHsearch E-value 10). The Nkp1 and Mis12 full-length profiles hit each other best with PRC ("SI Appendix, Dataset S1"; PRC E-value 10). In the same search, the Nkp2 profile hit the Nnf1 profile, and the Nsl1 profile hit the Mis12 profile. Moreover, the profile of Nkp1 hits that of Mis12 in HHpred online [39] , albeit at very high E-value: 180. The structures of the Mis12 subunits were already shown to be similar [40, 41] , therefore we propose their homology. A recent study revealed the striking structural similarity of Nkp1, Nkp2, CenpQ and CenpU to the Mis12 complex [42] . It therefore seems plausible to assume that the four-member NANO complex is homologous to the Mis12 (Fig. 4) . Structural comparisons did not reveal any particular higher order similarity between the different subunits of both the Mis12 and/or NANO complex ("SI Appendix, Dataset S2"). Given the similar relative position within the complexes and the topology of the helical elements (coiled-coil and helices) of each of the four subunits per complex, we propose the Mis12 and NANO complex arose through an ancestral whole complex duplication before LECA (Fig. 4D) . Furthermore, the Mis12-Nnf1 and Nkp1-Nkp2 dimer have a similar long 'head domain' and have significantly similar sequences (see above), suggesting that the Dsn1-Nsl1 and CenpU-CenpQ dimer might have a common evolutionary origin as well. Since we have no indications for 5 other (prokaryotic or eukaryotic) homologs, we infer that the Mis12/NANO domain was invented during the FECAto-LECA transition and gave rise to these eight kinetochore proteins via gene duplications (see above).
Double RWD domain in Zwint-1 orthologs
In our sensitive profile-versus-profile analysis, various kinetochore RWD proteins hit each other, as well as other RWD-like and E2/UBC proteins, indicating that their sequences were sufficiently similar to confirm their homology, with the notable exceptions of the RWD domains of CenpP (full-length profiles are hit, see "SI Appendix, Dataset S1"). Interestingly, Zwint-1, the only KMN (Knl1-Mis12-Ndc80) network subunit for which a structure has not yet been determined [43] , was hit by various RWD HMM profiles. Indeed, upon further inspection of the predicted secondary structure of Zwint-1 orthologs, we found that they follow a classic tandem RWD topology ("SI Appendix, Fig. S2") , similar to its direct interaction partner Knl1 and to the CenpO-CenpP dimer. Interestingly, many Zwint-1 orthologs show degeneration of the C-terminus, resulting in the loss of either the second or both RWD domains; making this a protein family that is particularly hard to predict orthologs for (see also van Hooff et al. [1] ). Since all kinetochore RWD proteins form dimers through RWD-RWD interactions and since the main interactor of Zwint-1 is the double RWD protein Knl1, we predict that Zwint-1 is a bona fide double RWD kinetochore protein.
RWD/UBC evolution
Since bona fide catalytic UBCs were found in both Bacteria and Archaea, ubiquitin-like modification was likely the ancestral function of this fold in FECA [44] [45] [46] [47] . Both catalytic [48] and non-catalytic [44] families of the UBC superfamily expanded extensively between FECA and LECA. Functionally, the non-catalytic UBC-like proteins comprise four major groups (see Fig. 2 , "SI Appendix, Fig. S1E , Fig. S3 , Dataset S2"): (1) ubiquitin-related nonenzymatic vesicle trafficking proteins like Uev1/Tsg101 [49] and Aktip [50] , (2) E2/E3-related canonical RWD proteins (RWD) involved in DNA/RNA-related processes (e.g. Gcn2 [51] ), (3) orphan RWD/UBC-like proteins like FancL [52] and subunits of the Mediator complex [53] , and (4) eight LECA kinetochore proteins that form hetero-or homodimers, with either a single RWD: Spc24-Spc25, Mad1-Mad1, Csm1-Csm1, or a double RWD configuration: CenpO-CenpP and Knl1-Zwint-1 (Zwint-1 is also a RWD protein, see 'Double RWD domain in Zwint-1 orthologs'). Due to the highly divergent sequence evolution of bacterial UBC-like proteins, kinetochore RWD proteins and other non-catalytic UBCs (RWD and for instance Uev1/Tsg101), we could only construct a short alignment (90 positions, minimal 30% column occupancy) for the whole UBC family ("SI Appendix, Dataset S3").
Our structural similarity searches indicated that the mediator subunits Med14, Med17 [44] , the first RWD-like domain of FancL and the autophagy-related enzymes Atg7 and Atg10 [44] were part of the RWD/UBC superfamily as well ("SI Appendix, Dataset S2"). We could however not align them in a reliable manner yielding a sensible phylogenetic tree and we therefore left them out of the phylogenetic analysis and only considered their structural similarity when devising an evolutionary scenario (Fig. 2D , "SI Appendix, Fig. 3") . All in all, we performed the phylogenetic analysis using a limited amount of phylogenetic informative positions. Therefore, the parameters for the maximum likelihood methods are potentially overfitted and the resulting phylogenetic tree is therefore likely subject to artefacts such long-branch attraction (see for instance 'divergent UBC' and 'bacteria_E'), resulting in the likely misplacement of some divergent branches and distortion of the overall tree topology. Nonetheless, overall the eukaryotic UBC superfamily evolved into two distinct groups in eukaryotes: E2 ubiquitin conjugases (UBC, bootstrap:77/100) and two non-catalytic UBC-like groups (RWD and kinetochore RWD; bootstrap:96/100). The inconsistent placement of the second RWD domain of Knl1 and Zwint-1 (Knl1-2 and Zwint-1-2), precluded the conclusive inference for a single origin of kinetochore RWD domains. Whether this means that Knl1-2 and Zwint-1-2 were independently acquired compared to CenpO-2 and CenpP-2 or signify a shared and more complex origin of RWD domains is unclear. Likely the origin of kinetochore RWD domains is closely related to FancL, another double RWD protein that found in eukaryotic genomes, and subunits of the Mediator complex, Med14-17 (structural similarity) and Med15, for which we uncovered the presence of a C-terimnal RWD domain in this study. How bacterial UBCs are related to archaeal and eukaryotic UBCs and RWDs is not clear from our studies. Many different classes of modification systems that operate UBC-like folds are also present in Bacteria (bact_UBC_A-D) and even a non-catalytic domain is found in some lineages (bact_UBC_E) [44] . In addition, a number of bacterial UBCs cluster together with archaeal and eukaryotic UBCs. Likely, bacterial UBCs represent an ancient protein modification system (bacteria_UBC_A-E) that has been optimized in archaeal lineage that are closely associated with FECA. Concomitantly, our trees suggest multiple horizontal gene transfers of archaeal/eukaryotic UBCs to bacteria. Various non-catalytic UBC proteins can be found in the Asgard Archaea (closest to the archaeal ancestor of eukaryotes, Fig. 1A ) [45] , which are phylogenetically affiliated with both RWD and UBC ("SI Appendix, Fig.  S1E , Fig. 3") . Therefore, an RWD-like protein could have already been present in the archaeal ancestor of eukaryotes. Given that UBCs of archaeal descent extensively radiated in eukaryotes [48] , we think it is likely that RWD and kinetochore RWD were also part of this radiation and are thus of archaeal descent.
Reconstruction of histone fold evolution
Although the canonical nucleosomal histones are amongst the most highly conserved eukaryotic proteins at the amino acid level, most other histones in eukaryotes are highly divergent, including the TFIID-related TBPassociated factors (TAFs), SAGA-related proteins (SUPTs), CCAAT-binding complex/nuclear transcription factor (CBF/NF), Negative coregulator 2 (NC2), subunits of the DNA polymerase epsilon (DPOE), Chromatin Accessibility Complex (CHRAC) and the kinetochore histones (CenpA, CenpS, CenpT, CenpX, CenpW) ("SI Appendix, Fig. S1I") . To produce an informative alignment, we first made separate alignments of slowly evolving orthologs (manually curated) of each of the LECA histone proteins, which we subsequently aligned (corrected based on structural alignments, see "SI Appendix, Data and Methods, Dataset S2, Dataset S4, External Data"). In addition, we added archaeal and bacterial histone-like sequences, which we acquired through jackhmmer runs against archaeal and bacterial UniProt databases online (see "SI Appendix, Data and Methods"), using known archaeal histones such as HMf [54] , the reported Asgard histone-like proteins [45] and the 'DUF1931' protein family as queries. Due to the limited amount of positions (69) and highly divergent nature of the histone family, we could not fully resolve histone evolution as different algorithms (RAxML and IQTREE) and various models gave inconsistent results: (1) a number of different histone groups (H2B, Taf3/8/Supt7, Taf12) appeared at different positions in the tree, (2) the duplication order within for instance the TAF clade was often different with various low bootstrap support values, (3) the position of bacterial and archaeal taxa varied, and (4) the exact placement of CenpX and CenpW relative to each other changed (further detailed below). We here present one of the trees in which CenpX and CenpW are each other's closest paralog ("SI Appendix, Fig. S1I") . In archaea and bacteria, histones are found that are affliated to different eukaryotic histone groups. The presence of a high number of bacterial histone-like proteins surprised us. Although our analyses did not give a consistent result, it is likely that histone-like proteins in Bacteria were acquired through horizontal gene transfers from either archaeal or eukaryotic lineages. In general, we observe that CenpX and CenpW cluster together with one of two major histone groups: (1) Taf11, H2A, NFY, NC2, DPOE and Chrac1, while CenpS, CenpT and CenpA are more similar to (2) H2B, H3, H4 and all the other TAFs and Supts (not Taf11). The duplication of CenpA and H3 is not always supported and in a number of cases CenpA branches from within the H3 clade. The duplication of CenpT and CenpS is overall well supported (boostrap:87-99/100). The position of CenpX and CenpW varied. The various trees (using different evolutionary models) suggested a closest paralog for CenpX, i.e. Taf11, H2A, NC2A and a bacterial clade, and for CenpW, i.e. Taf12 or NC2A/NFY. Apart from the duplication of the kinetochore histone dimer partners, the NFYA-NFYB, NC2A-NC2B and Dpoe3-Doe4/Chrac1 histones seem to originate from an internal duplication as well. The order of duplication for the TFIID and SAGA complex TAF/SUPTs could however not be easily reconciled with the known dimer pairs (see "SI Appendix, Fig. S1I ": heterodimers are Taf3/8-Taf10, Taf4-Taf12, Taf6-Taf9, Taf11-Taf13, Supt7-Supt3, Supt3-Taf10 and Ada1-Taf12).
Figure S1. Phylogenetic trees of domains present in kinetochore proteins.
Kinetochore proteins are indicated in green, closest homologs (e.g. eukaryotic closest paralogs). Details on tree inference methods can be found in "SI Appendix, Text, Data and Methods". The sequences were obtained from our local proteome database in combination with bacterial and archaeal entries from the Uniprot database, harvest through online jackhmmer tool (see "SI Appendix Data and Methods"). The first four letters of the protein name indicate the species as listed in "SI Appendix, Table S3 ". Due the size of the tree, the IDs in E (RWD) and I (Histones) are not displayed. Figure S1D . kinases (MadBub, Mps1, Aurora, Plk) TAF3/8-TAF10  TAF4-TAF12  TAF6-TAF9  TAF11-TAF13  SUPT3-TAF10  SUPT7-SUPT3  ADA1-TAF12 CBF/NC2/DPOE NC2A-NC2B NFYB-NFYC DPOE3-DPOE4 Figure S3 . UBC superfamily evolution Annotated phylogenetic tree of the UBC superfamily (based on "SI Appendix, Fig. S1E") . '{}' denote other domains present and general function for RWD proteins (kinetochore [KT] & other), while for UBC-like proteins it signifies potential substrates. See "SI Appendix, Text -RWD/UBC evolution" for discussion. In short: : the RWD and UBC proteins in eukaryotes are likely descendant from a bona fide ubiquitin-like modification system [47] that can be found in lineages that are phylogenetically affiliated with the archaeal ancestor of eukaryotes. Subsequent duplications and sub/neofunctionalization can be classified into four groups: (1) UBC (E2 ubiquitin conjugases), (2) canonical RWD ('other', E2/E3-associated proteins), and (3) Cartoon of the eukaryotic species tree with Opimoda-Diphoda root and eukaryotic supergroups [27] . This topology was used to infer whether a protein was likely present in LECA ("SI Appendix, Table S2 
RWD (canonical): eukaryotic E2-E3-related dimerization domains
Prokaryotes
HORMA1
Prokaryotic operons involved in nucleotide sensing (Burroughs et al. 2015 Figure S5 . The HORMA-Trip13 module likely has a prokaryotic origin. and Trip13 are present in a single operon, strongly suggesting that they also interact in these species and thus that this interaction is ancient. The phylogenetic trees indeed suggest that the eukaryotic HORMA domain and Trip13 were derived from prokaryotes. In addition, the prokaryotic operons include proteins that are involved in nucleotide signaling (yellow: nucleotide transferase [SMODS], red: tranposase-related [SAVED and others], and black: unknown), signifying that prokaryotic HORMA and Trip13 are affiliated to this process [10] . The uncollapsed trees can be found in "SI Appendix, Fig. S1F , S1G". Asterisks indicate the species for which we discovered a HORMA-Trip13 operon (see Dataset S5 for annotation). The collapsed red and yellow domains in Proteobacteria (HORMA1) indicate the presence of various different domains in the operons amongst these lineages (see "SI Appendix, Dataset S5"). Note that if multiple domains have a shared evolutionary history, we regard them as a single unit in this table (kinase-polo box, WD40-NRH-Sec39). Some domains were recruited to the kinetochore before they duplicated to give rise to multiple kinetochore proteins. Those initial kinetochore entities are the 'ancestral kinetochore units'. If a protein does not have closely related homologs in the kinetochore, the protein itself was the ancestral unit that got involved in the kinetochore. For all relationships, we indicate which type of evidence we have for it. A: phylogenetic tree, B: hit in profile-profile search, C: structure and/or literature. *The phylogeny of Ska1, Ska2 and Ska3 cannot be rooted, therefore it is unknown which are the each other's closest paralog. **The BIR domain is involved in multiple processes in animals, but the kinetochore (inner centromere) function might be the ancestral one, because this is also reported in budding and fission yeast, which only have one BIR domain protein. 
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For each of these proteins, we determined the orthologs across eukaryotic species [1] and determined whether it was encoded by the LECA genome (a 'LECA protein'), based on Dollo parsimony (present in both Opimoda and Diphoda, "SI Appendix, Fig. S4") , or based on the inference of a pre-LECA duplication that gave rise to this protein.
In addition, we assessed how likely this protein was part of the LECA kinetochore ('LECA KT protein'). Model species (h: human, y: budding yeast). Supergroup presence (Opisthokonta (O), Amoebozoa (Am), Excavata (E), SAR (S), Archaeplastida (Ar)). 
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Datasets
Dataset S1 (Excel sheets)
HHsearch/PRC output.
Dataset S2 (Excel sheets)
Overview of all the structures analyzed in this study, including all all-vs-all structure similarity scores for RWD/UBC, histone, TBP-like, winged-helix and Mis12/NANO.
Dataset S3 (multiple sequence alignment)
Multiple Sequence alignment of RWD/UBC-like, associated to Figure 2D , "SI Appendix, Fig. S1E, Fig. S3 ".
Dataset S4 (multiple sequence alignment)
Multiple Sequence Alignment of histones, associated to Figure 3B and "SI Appendix, Fig. S1I ".
Dataset S5 (Excel sheets)
Information on the operon structure of prokaryotes with HORMA-1/HORMA-2 and Trip13 proteins, associated to Figure 5 and "SI Appendix, Fig. S5 ".
External Data
Please find the datasets described below by clicking on this link: https://figshare.com/s/884e8848b032f02eb7c3
Hidden Markov Models (archive text files)
Archived text files (.zip) containing 147 HMM profiles (hmmer3.1b format) of kinetochore proteins and/or their domains used in the profile-versus-profile searches using HHsearch and PRC (for results see "SI Appendix, Dataset S1, External Data: HHsearch Network").
HHsearch Network (Cytoscape Network file)
Cytoscape files of the HHsearch network. Raw profile-versus-profile bit-scores and E-values, and the used HMM profiles can be found in "SI Appendix, Dataset S1, External Data: Hidden Markov Models". This file can be opened with Cytoscape (https://cytoscape.org/).
RWD/UBC structures (Pymol session file)
Pymol session file, containing all RWD/UBC structures used in this study, associated to the analysis shown in Figure 2C . Raw structural similarity scores can be found in the RWD table in "SI Appendix, Dataset S2". This file can be opened with Pymol (http://pymol.org/).
TBP-like structures (Pymol session file)
Pymol session file, containing all TBP-like structures used in this study, associated to the analysis shown in Figure  3C . Raw structural similarity scores can be found in the TBP-like table in "SI Appendix, Dataset S2". This file can be opened with Pymol (http://pymol.org/).
Histone structures (Pymol session file)
Pymol session file, containing all histone structures used in this study, associated to the analysis shown in Figure  3B . Raw structural similarity scores can be found in the histones table in "SI Appendix, Dataset S2". This file can be opened with Pymol (http://pymol.org/).
Mis12/NANO structures (Pymol session file)
Pymol session file, containing all Mis12/NANO structures used in this study, associated to the analysis shown in Figure 4 . Raw structural similarity scores can be found in the Mis12/NANO table in "SI Appendix, Dataset S2". This file can be opened with Pymol (http://pymol.org/).
